Development workers, researchers and extensionists always need a comprehensive understanding and a reliable database on existing cropping patterns, cropping intensity and crop diversity of a particular area for the planning of future research and development. With this view, a survey-work was implemented over all the upazilas of Barisal region during 2016. A pre-tested semi-structured questionnaire was used as tool to document the existing cropping patterns, cropping intensity and crop diversity of the area. In the current investigation, 103 cropping patterns were identified. The highest number of cropping patterns 40 was found in Burhanuddin upazila of Bhola district and the lowest eight was in Betagi and Taltali of Barguna. The most dominant cropping pattern single T. Aman occupied 13.40% of net cropped area (NCA) of the region with its distribution over 33 upazilas out of 42. The second largest area, 10.44% of NCA, was covered by Boro−Fallow− T. Aman, which was spread out over 32 upazilas. The lowest crop diversity index (CDI) was recorded 0.221 in Agailjhara of Barisal district followed by 0.598 in Bhandaria of Pirojpur. The highest value of CDI was observed 0.972 in Charfasson followed by 0.968 in Tazumuddin of Bhola. The range of cropping intensity values was observed 107-249%. The maximum value was for Bhola sadar and minimum for Agailjhara of Barisal. The overall CDI of Barisal region was calculated 0.968 and the grand mean for cropping intensity at regional level was 204%.
INTRODUCTION
In Bangladesh a huge number of crops are produced under different cropping patterns with a variability from one region to another. Yearly sequences of crop production in a piece of land in a year is known as cropping pattern (Alam, 1994) . Factors such as rainfall, climate, agricultural technology, soil type, insect and disease pressure, availability of irrigation facilities and other inputs, marketing and transport facilities, subsistence pressure and the growth of agro-industries etc changes the cropping pattern (Neena, 1998; Gadge, 2003; Rashid et al., 2005) .
Cultivable land area is decreasing day by day in the country. In this context, there is no other alternative but to address less favourable and unfavourable environments. In the past Barisal region was known as granary of the state. This region mainly represents tidal wetland ecosystem of both saline and nonsaline type. The crop production is restricted due to salinity in some areas during dry season. In the other areas it is affected by daily tide and monsoon tide. River bank erosion, exposure to cyclones and storm surges, risk of heavy late rainfall, torrential rain drip and remoteness of southern parts of the regions from urban markets are the limitation of this area (FAO, 1988) . To increase the system productivity of the total environment it needs to bring diversity in enterprises for better utilization of limited resources. Diversified cropping pattern may be the strategic option for the farmers to coping strategy against the risks (Mandal and Bezbaruah, 2013) . Typology of different cropping systems is the base for the managers Bangladesh Rice J. 21 (2) : [57] [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] [71] [72] 2017 of these systems to intensify production (Shriar, 2000) . There is a strong need for judicious and appropriate use of limited resources in case of intervention selection that does not lead to increased mal adaption or inequity in the society over long term. An increased understanding of arable land use based on the cropping system is essential for the appropriate intervention in sustainable way. In this context, existing cropping patterns along with their diversity of such complex agricultural region are very crucial for risk minimization and overall productivity improvement. On the basis of afore-said discussion, the present study was undertaken with the following specific objectives to:
• Understand the existing cropping patterns scenario in Barisal region • Visualize the existing land use pattern at upazila and regional level • Determine the crop diversity and cropping intensity at local and regional level.
• Generate bench mark information of crop diversity and land use pattern in Barisal region.
METHODOLOGY
Forty-two upazilas of Barisal, Bhola, Barguna, Patuakhali, Pirojpur and Jhalakati district under Barisal agricultural region were the locale of this study. Data were collected using double stage procedure. At initial stage, data were collected through pretested semi structured questionnaire from 42 preassigned Sub-Assistant Agriculture Officers (SAAO) of each upazila during September 2016 at upazila level. SAAOs were purposively preselected by Agriculture Extension Officers (AEO), Additional Agriculture Officer (AAO) and Upazila Agriculture Officer (UAO) or altogether. Prior to data collection, the pretested questionnaire was explained along with proper guidelines to the AEOs or UAOs or both and handed over to them at each Deputy Director's office of Department of Agricultural Extension (DAE) during monthly meeting for the sake of accurate data collection. All the participants were divided into three to four groups for data validation. Each group was facilitated by two RFSD scientists to finalize and validate the data and authenticated data were captured. Crop diversity index was calculated by using the following equation described by Kshirsagar et al. (1997) . The index is zero for a land area growing only one crop. It approaches unity as the level of diversity increases. Compilation and processing of collected data were done using Micro Soft Excel programme. Descriptive statistics were used to facilitate the presentation of the findings. (Table 1) . The area which could not be defined under SCA, DCA, TCA or QCA was considered as others whose coverage is less than 1% of the NCA. This region mainly represents tidal wetland ecosystem of both saline and nonsaline type. The crop production is restricted due to salinity in some area during dry season. In the other area it is affected by daily tide and monsoon tide. River bank erosion, exposure to cyclones and storm surges, risk of heavy late rainfall, torrential rain drip and remoteness of southern parts of the regions from urban markets are the limitation of this area (FAO, 1988) . Because of these limiting factors land-use intensity is somewhat lower than that of other regions of the country with favourable environments. Increased use of surface water irrigation might improve the situation to some extent.
RESULTS AND DISCUSSION

Land use
Cropping patterns of Barisal
In total 103 cropping patterns were recorded in Barisal region of which 10 cropping patterns with exclusive rice crop covers approximately 36% of the NCA. There were 14 cropping patterns with exclusive non-rice crop covering only around 2% of the NCA. Rest of the NCA i.e. about 62% area is covered by 79 rice -non rice cropping patterns (Appendix 1).
Sole rice and non-rice cropping patterns at a glance In the current investigation, 14 cropping patterns were identified where only non-rice crops are grown. Among these 14 patterns first nine have been arranged in descending order in Table 3 . The rest five patterns with negligible area coverage (Table 7) were arranged with other patterns of different categories. Aggregate of the 14 patterns have had only 2.24% of NCA. In critical comparison it is clear that exclusive rice area is about 16 folds of exclusive non-rice area. Among these 14 patterns, three patterns comprise year-round vegetables distributed over majority of the upazilas. Year-round vegetable production system has occupied about nine-tenths of the non-rice cropping area and mainly practised on or alongside the homestead area.
Pulse crops under cropping systems
Twenty-seven cropping patterns with different pulse crops were found across the region (Table 4) . Among them grasspea is covering the largest area whereas blackgram is cultivated in the smallest area. Four main cropping patterns of grasspea jointly cover approximately 17% of NCA. Mungbean holds the second position in pulse crop cultivation in Barisal region. There are two main cropping patterns for Among the rabi crops stress-tolerant grasspea can easily be grown as relay system. The mungbean is a short duration mild drought and salt-tolerant crop with photo-insensitive in nature. With all these advantages grasspea and mungbean are extensively cultivated in the area (FAO, 1988) .
Oil-seed crops under cropping systems Groundnut is the most important one among the oil-seed crops in Barisal region. There are 21 cropping patterns for oil-seed crops among which only two patterns had been led by groundnut, however it is spread over 26 upazilas in the region (Table 5 ). The total share of oil-seed cropping patterns is about 6% of NCA whereas groundnut alone occupies 2.55%. Mustard covers over 1%. However, the highest number of the oil-seed cropping patterns are led by mustard and it is distributed in 23 out of 42 upazilas in the region.
Vegetables and spices crops
There are 39 cropping patterns arranged in descending order according to area coverage ( an area of 35,000 ha (4.43% of NCA). Probably two congenial factors encourages the famers for growing chilli viz favourable environments of charland and easy availability of women labour for harvesting and post harvest management of the crop (FAO, 1988) .
Sporadic and distinct cropping patterns
There were some cropping patterns which were extremely location-specific, however, with a large area coverage. These are Soybean− Fallow− T. Aman (Table 5) ; Fallow−B. Aus+B. Aman and Boro−Aus−Fallow (Table 2) . Area coverage of Soybean−Fallow− T. Aman was 4,600 hectares that distributed in Hizla (2,700 ha), Mehendiganj (500 ha) of Barisal district and in Tazumuddin (1,400 ha) in Bhola district. Fallow−B. Aus+B. Aman is limited to three upazilas viz Nesarabad (2,300 ha), Nazirpur (250 ha) and Kawkhali (20 ha) of Pirojpur district. Boro−Aus−Fallow is available in Nazirpur (1,100 ha) of Pirojpur and Agailjhara (90 ha) of Barisal district.
Rare cropping patterns
In the present investigation, 34 cropping patterns have been identified as rare with a negligible area coverage with seldom existence (Table 7) . These are location specific system and are limited in one to four upazilas of the region. Total area coverage of these 34 patterns is only 0.28% of NCA. Among these the highest area was occupied by Mustard−Mungbean− T. Aman (185 ha) and it is recorded in three upazilas viz Babuganj of Barisal, Burhanuddin of Bhola and Dashmina upazila of Patuakhali district. The smallest area was recorded for Lentil−Mungbean−T. Aman whose coverage was five hectares only (Table 7) .
Most dominant cropping pattern Single T. Aman was the most dominant cropping pattern in Barisal region. It covers 13.70% of NCA in the region and is available in 33 upazilas out of 42 (Table 8 ). The highest area under this cropping was recorded 21,300 hectares in Kalapara upazila of Patuakhali district. This area is 53.12% of the NCA in that Kalapara upazila. In another consideration it occupies 20.10% of total Fallow−Fallow−T. Aman area of the region. Taltali upazila of Barguna district has allocated its highest area for the single T. Aman pattern and it is 57.50% of its NCA. However, in respect of total region, this upazila had hold the 3 rd position in the area coverage for this pattern. Soil salinity is a constraint for the cultivation of Boro rice and Rabi crops in Kalapara, Mathbaria, Taltali and other saline-prone area. A large area of this pattern is distributed on the charland where irrigation water is not sufficiently available in winter season. All these are the limiting factors for the crop intensification (FAO, 1988) . Some stress-tolerant Rabi crops like grasspea, felon, cowpea, sesame etc may undergo for trial to intensify the land-use of the aforesaid system. In the country-wide compilation of data it was observed that the single T. Aman was the third dominant cropping pattern in Bangladesh covering 5.09 lac ha (6% of NCA in the country) with its distribution in 162 upazilas of 32 districts (Nasim et al., 2017) .
Second dominant cropping pattern
The second dominant cropping pattern in Barisal region is Mungbean−Fallow− T. Aman. It belongs to 10.60% of NCA of the region and spread in 35 upazilas (Table 9 ). Bauphal upazila of Patuakhali district holds the highest area (15,000 ha) under this cropping followed by Dashmina upazila (10,300 ha) of the same district. These two upazilas jointly contribute 30.21% share of Mungbean−Fallow− T. Aman cropping area in the region. Monpura upazila of Bhola district stands in the fifth position, however, this upazila has allocated maximum share (60%) of its NCA.
Third dominant cropping pattern
Boro−Fallow− T. Aman cropping pattern holds the third largest area coverage 80,710 ha in Barisal region. This area is an equivalent to 10.21% of NCA in the region. However, this pattern is widely distributed over 32 upazilas of Barisal region. Among these upazilas Lalmohan of Bhola has the biggest area of 9,200 ha for the pattern, which stands for 11.40% of the total area under this pattern in the region (Table 10 ). Gournadi upazila of Barisal district ranks in sixth position for Boro−Fallow−T. Aman, however, this upazila has allotted the biggest share (53.06%) of its NCA. Here it is clear that Barisal region is quite different than national level. In the country-wide compilation of data it was observed that Boro−F−T. Aman was the most dominant cropping pattern in Bangladesh covering 2.31 million ha (27% of NCA in the country) with its distribution in 426 upazilas of 63 districts (Nasim et al., 2017) .
Fourth dominant cropping pattern
Fourth dominant cropping pattern Grasspea− Fallow− T. Aman has occupied 65,960 hectares representing 8.34% share of NCA in Barisal region (Table 11 ). This pattern is widely distributed over 32 upazilas where Mathbaria of Pirojpur district ranked in top position. This upazila has 6,200 ha area for Grasspea−Fallow− T. Aman which is 29.89% of its NCA and it is the highest share among all the upazilas.
Fifth dominant cropping pattern
The fifth dominant cropping pattern Grasspea− Aus− T. Aman had been covering 63,140 hectares representing 7.99% share of NCA in Barisal region (Table 12 ). This pattern also is widely distributed over 32 upazilas where Barguna sadar ranked in top position. This upazila had 10,200 ha area for Grasspea−Aus− T. Aman pattern which represented 41.13% of upazila NCA. Mirzaganj upazila had the 3 rd largest area 5,000 ha for this cropping, however, this upazila had the biggest share (43.67%) of its NCA.
Crop diversity and cropping intensity
Higher number of available crops under cultivation in an area dictates its higher diversity. Number of cropping patterns is also a gross indicator of crop diversity. A total of 103 cropping patterns were identified in the whole area of Barisal region under this investigation. The highest number of cropping patterns was identified 40 in Burhanuddin upazila of Bhola district followed by 37 in Bhola sadar upazila; and 32 in Hizla and Mehendiganj of Barisal district (Table 13 ). In contrast, the lowest number of cropping patterns was identified 8 in Betagi and Taltoli followed by 10 in Patharghata of Barguna district. The higher number of cropping patterns is generally related to higher level of crop diversity indices. The upazilas having lower number of cropping patterns were related to either salinity or water logging or both. The lowest diversity index for cropping pattern was recorded 0.152 in Agailjhara of Barisal followed by 0.598 in Taltali of Barguna. In a study Shahidullah et al. (2006) also found lowest values for all the diversity and intensity parameters in salt affected area of greater Noakhali. The highest value of diversity index for cropping patterns was found 0.937 in Charfason upazila that was followed by 0.926 in Tazumuddin upazila of Bhola. The lowest CDI was reported 0.221 in Agailjhara followed by 0.598 in Bhandaria. The highest value of CDI was observed 0.972 in Charfason followed by 0.968 in Tazumuddin upazila. Diversified cropping pattern may enabled the farmers compulsion of extracting the maximum possible use of land in the flood free period (Mandal and Bezbaruah, 2013) . Singh and Sidhu (2006) reported that a number of crops like sun hemp, cluster beans (Tscharntke et al., 2005 (Tscharntke et al., , 2007 . The range of cropping intensity values was recorded 107-249%. The maximum value was for Bhola sadar upazila of Barisal district and minimum for Agailjhrara upazila of Barisal district. As a whole the CDI of Barisal region was calculated 0.968 and the average cropping intensity at regional level was 204%. In a simultaneous study, the investigators identified 316 cropping patterns for whole Bangladesh; where the CDI value was 0.952 at national level and the national average of cropping intensity was 200% (Nasim et al., 2017) .
CONCLUSION
The cropping intensity of the Barisal region was very close to the national average. Single T. Aman, single Boro, Mungbean− Fallow−T. Aman, Boro−Fallow−T. Aman were the dominant cropping patterns in the region. Exclusive rice area is about 16 folds of exclusive non-rice area. The non-rice based cropping patterns were found few, however, its abundance is bigger than that of Sylhet, Chittagong and Khulna region over all. Based on the findings of the study, the following recommendations were made. Initiative to be taken to increase productivity of exclusive rice based cropping pattern. High yielding salt tolerant rice varieties along with recommended crop management packages to be adopted. Several upazilas have unique or exceptional cropping patterns with large area coverage. Those might be studied in-depth to extrapolate to similar environments. Effort should be given so that a portion of single T. Aman area could be shifted to Mungbean−T. Aman and/or Grasspea−T. Aman cropping systems. In the single Boro area suitable vegetables might be grown on floating bed system in wet season.
